INTRODUCTION: It has already been established in the past that platelets play a major role in wound healing. Platelet-rich plasma (PRP) and Platelet-rich fibrin (PRF) are autologous concentrates of platelets in a relatively small volume of plasma and they enable delivery of growth factors in increased amounts to surgical sites to promote wound healing.
Introduction

S
tudies have shown that platelet-rich plasma (PRP) and platelet-rich fibrin (PRF) when placed in third molar extraction socket cause a lower rate of alveolar osteitis, less pain, and faster bone healing. [1] Although a lot of studies have been conducted in the past to study the effect of these platelet-derived growth factors (PDGFs), a very few have compared PRP and PRF which are the two different sources that act as carriers of these growth factors. According to different studies, a difference also exists between the methods of preparation of PRP and PRF. Activation of PRP to facilitate the release of growth factors needs to be done before its use whereas PRF needs no biochemical modification making it easy to procure and less expensive as compared to PRP. [2, 3] A study was conducted to compare the two platelet concentrates PRP and PRF as graft materials in extraction sockets. A comparison was done of their efficacy in wound healing in terms of soft tissue and bone regeneration.
Materials and Methods
Sixty patients requiring extraction of unilateral third molars who reported to the Department of Oral and Maxillofacial Surgery, KLE's VK Institute of Dental Sciences, Belgaum, who met the following inclusion criteria and who consented by own free will were included in the study.
Inclusion criteria
1. Patient willing to give informed consent 2. Patients above 18 years of age 3. Patients indicated for the transalveolar extraction of unilateral third molar 4. The position of impacted tooth was assessed using "Pederson's Difficulty Index" [4] and tooth with a score of 3-6 was included in the study.
Exclusion criteria
1. The presence of uncontrolled diabetes, immune disease, or other contraindicating systemic condition 2. Radiation therapy/chemotherapy in the 12-month period earlier to the proposed therapy 3. Uncontrolled periodontal disease 4. Chain smoker 5. Pregnant women, children, elderly (>60 years), physically and mentally challenged, terminally and seriously ill 6. An unwillingness to commit to a long-term posttherapy maintenance program 7. Presence of any acute local infection 8. Patient on aspirin therapy.
All patients signed an informed consent before participating in the study, which was reviewed and approved by the Ethical Committee of our institute.
Methodology
The patients were divided into three groups of twenty patients each.
Computer-generated random allocation of subjects was done.
Clinical evaluation consisted of: 1. Soft tissue healing assessment using the Landry and Turnbull index [5] 2. Bone healing of the third molar socket assessment radiographically using standard radiovisiography (RVG) image. The criteria for bone healing and scoring system are based on a modification of the method used by Kelly et al. Three radiographic parameters, namely, lamina dura (LD), overall density, and trabecular pattern have been used for the assessment of bone healing.
Measurement of various parameters
Soft tissue healing -the soft tissue in and around the third molar extraction socket was assessed and scored as per the Landry and Turnbull index [ Table 1 ].
1.Bone healing -1. Bone healing in the third molar extraction socket was assessed in terms of three parameters as per the modification of index given by Kelly et al. [1] The three parameters used were: 1. LD 2. Overall density 3. Trabecular pattern.
(The relative difference in the rate of bone healing is determined).
Scoring criteria for bone healing as per modification of index given by Kelly et al. [1] 
Preparation of platelet-rich plasma
• Under all aseptic techniques, 10 ml of blood was drawn intravenously from the antecubital region of patients forearm using vacutainer needle and vacutainers containing citrate phosphate dextrose adenine • Centrifugation: the first centrifugation cycle consisted of 2000 rpm for 15 min.
This resulted in the separation of the whole blood into a lower red blood cell region and upper straw-colored plasma. This plasma contains relatively low concentration of platelets platelet-poor plasma (PPP) in the uppermost region and higher concentration of platelet and white blood cell in the boundary layer known as "buffy coat".
• With a micropipette, the PPP and the buffy coat layer including 1 mm below the boundary layer was collected in a sterile vacutainer and centrifuged at 3000 rpm for 10 min. After the second centrifuge, the upper half was discarded and the lower half was used as PRP • Activation of PRP: the PRP that was obtained after centrifugation was activated using 10% calcium chloride. 2.5 ml of PRP thoroughly mixed with 0.08 ml of 10% Cacl 2 . This resulted in a clot formation. A standing time of 5-8 min was given if required • The clot was then placed in the extraction socket.
Preparation of platelet rich fibrin
• Choukroun's method: under all aseptic techniques, 10 ml of blood was drawn intravenously from the antecubital region of patients' forearm in vacutainers without anticoagulant • The collected blood was centrifuged immediately at the rate of 3000 rpm for 10 min. This leads to formation of three compartments with the formation of a strong fibrin clot in the middle of the tube • The clot thus formed is a leukocyte-rich PRF clot • This clot thus formed was then placed in the extraction socket.
Surgical removal of impacted third molar
Surgical technique [6] The patient's face was prepared with betadine and patient was draped. Inferior alveolar nerve block, lingual nerve block, and long buccal nerve block were administered using 2% lignocaine hydrochloride with 1:80,000 adrenaline. Standard Ward's incision was used in all the cases. Full thickness mucoperiosteal flap was raised. Removal of bone was done with stainless steel burs (No. 8). Constant irrigation with saline was used while removing bone to prevent thermal necrosis.
• In Group A, PRP was packed in the extraction socket • In Group B, PRF was packed in the extraction socket • In Group C, no graft material was placed in the extraction socket.
Using 3-0 black braided silk, interrupted sutures were placed and pressure pack was given. Antibiotics and analgesics were prescribed.
Patients were recalled on the 1 st and 7 th day to assess the soft tissue healing and also at 1 st and 3 rd month to assess the bone healing.
Results and Observation
The PRP group consisted of 11 males and nine females; the PRF group consisted of 13 males and seven females whereas the control group consisted of 12 males and eight females.
Bone healing was assessed in terms of the appearance of LD, the overall density, and the trabecular pattern that were observed on the RVGs.
• Comparison of three study Groups (A, B, C) with respect to LD, overall density, and trabecular pattern scores at 1 st day, 1 st month, and 3 rd month was done by Kruskal-Wallis ANOVA test, whereas pairwise comparison was done by Mann-Whitney U-test the Figures 1-3 denote the radiovisography at 3 rd month post-operatively of groups A, B and C respectively • LD [ Figure 4 ]: The mean LD score of Group B was higher as compared to that of Group A and Group C though not statistically significant. At the end of 1 month, the mean LD score of Group B was 1.2 whereas that of Group A and C was 0.9 and 0.8, respectively. At the end of 3 months, the mean LD score of Group B was 1.9 whereas that of A and C was 1.7. In terms of duration, there was a significant difference in the LD scores of all the three groups at the end of 3 months • Overall density [ Figure 5 ]: The score for overall density for Group B was slightly higher as compared to that of other two groups both at the end of 1 st month as well as 3 rd month, but the difference was not statistically significant. There was not much difference noted in the scores of Group A and Group C. At the end of 1 st month, the mean score of Group B was 0.2, whereas the other two groups had a mean score of 0.1. At the end of 3 months, the mean score of Group B was 1.2 whereas that of the other two groups was 1.1. In terms of duration, a significant difference was noted in all three groups at the end of 1 st month and 3 rd month as compared to 1 st postoperative day. As compared to the 1 st month, the change in the overall density was more at the end of 3 rd month • Trabecular pattern [ Figure 6 ]: In terms of trabecular pattern, there was a statistically significant difference in the scores of Groups A and B as compared to Group C at the end of 3 months. The mean scores of Group B, A, C being 1.1 >1.0 > 0.3, respectively. Furthermore, there was a significant difference in the 3 rd month and 1 st month scores of all three groups • Soft tissue healing [ Figure 7 ]: The soft tissue was assessed clinically and scores were assigned as per the Landry and Turnbull index. Comparison of three study groups (A, B, C) with respect to soft tissue scores at 1 st day, 7 th day, 1 st month, and 3 rd month was done using Kruskal-Wallis ANOVA test.
On the 7 th day, the mean score of Group B was 3.8 and that of Group A was 3.5. Both these scores were higher as compared to the mean score of Group C which was 3.3. However, only the difference between the scores of Group B and C was statistically significant. In terms of duration, the scores of Groups B and C showed statistically significant difference between the 1 st and 7 th day scores. However, there was no significant change in the 1 st and 7 th day score of Group A.
Discussion
PRP and PRF contain growth factors in concentrated form. PRP or PRF when placed in the extraction sockets release PDGF, transforming growth factor-beta, fibroblast growth factor, vascular endothelial factor, and numerous other proteins that facilitate soft and hard tissue healing, collagen production, improve wound strength, and kick start callus formation. [7] He et al. conducted a study to evaluate and compare the effect of biologic features of PRP and PRF on proliferation and differentiation of rat osteoblasts. It was observed that PRF demonstrated controlled and long-term release of the growth factors as compared to PRP. Furthermore, PRF showed better effects on the proliferation and differentiation of rat osteoblasts as compared to PRP. [8] In our study, it was observed that the healing of extraction socket in terms of hard as well as soft tissue was faster in the PRF group which leads us to derive a similar conclusion.
A study conducted by Hatakeyama et al. comparing the effect PPP, PRP, and PRF on healing of extraction sockets with buccal dehiscence in dogs and it was found that bone maturation in both the PRP and PRF groups was more than that in PPP. Furthermore, a better condensed fibrin network that was more compactly arranged was found in the PRF group when compared with the PPP and PRP groups. However, the growth factors released from platelets in PRP indicated higher concentrations than that in PRF. [9] We had hypothesized that there is a significant difference in the treatment outcomes of PRP and PRF when used as grafting materials in extraction sockets. We used digital RVG images to study the bone healing at 1 st month and 3 rd month whereas soft tissue healing was assessed clinically on mainly the 1 st and 7 th day.
A similar study was conducted by Y Tejesh et al. in which PRP and PRF were placed in the same patient. In our study, we have considered unilateral cases of impacted mandibular third molars. As computer-generated random allocation of subjects was done in our study, every patient stood an equal chance of being in any one of the three groups, and hence, bias was eliminated.
We evaluated the soft tissue clinically using healing index by Landry et al. in accordance with the study by Y Tejesh et al. in which they found a significant difference in the healing potentials of PRP and PRF and they found PRF to be better. In our study, the mean score for soft tissue healing was 3.8 for the PRF group and 3.5 for PRP group, whereas it was 3.3 for the control group. Thus, both PRP and PRF groups showed a better soft tissue healing as compared to the control group and the healing score of PRF was greater than that of PRP, the result being similar to the study conducted by Y Tejesh et al. and also in accordance with the study conducted by Hatakeyama et al. [9] However, only the difference between the healing potentials of PRF and the control group was statistically significant.
In our study, it was found that at the end of 1 st month and 3 rd month, the mean LD score of PRF group was higher than that of PRP and control group though not statistically significant. Furthermore, there was difference in the overall density between the three groups though not statistically significant. The PRF group showed better density as compared to PRP and control group both at the end of 1 st month and 3 rd month. In terms of trabecular pattern, there was a statistically significant difference in the scores of PRF and PRP groups as compared to the control group at the end of 3 months, but the difference between PRP and PRF was not significant though the mean score of PRF was higher as compared to PRP. Thus, in our study, the bone healing scores of PRF group were higher than those of PRP group, but the difference was not statistically significant. PRF showed a better bone healing as compared to PRP. This result is partly in accordance with that of the study conducted by Y. Tejesh et al. in which they compared digitalized orthopantomograms and compared the densities using Adobe Photoshop CS software. OK Ogundipe et al. used the same bone healing index used in our study to assess the efficacy of PRP in extraction sockets. Although they got better scores of the study group suggesting better healing, they suggest interpreting the results obtained based on this bone healing index with caution as the difference was not statistically significant in their study.
[1] They also suggest that LD score is a better radiographic indicator of bone healing as compared to overall density and trabecular pattern.
Based on the results and observations, a few points have been observed. A follow-up period of 6 months or more is advocated to arrive at a better conclusion. Different other clinical findings such as pain, swelling, and periodontal condition distal to the second molar are the other parameters that can also be compared and assessed.
Summary and Conclusion
The study clearly indicates that both PRP and PRF show improved soft tissue and bone healing at the third molar extraction sockets when used as graft materials. This study also indicates that PRF shows better results in terms of soft tissue and bone healing as compared to PRP. The method of procuring PRF is easy as compared to that of procuring PRP. PRF also has better tissue handling properties.
Further clinical trials with longer duration follow-up are advocated.
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